The National Spherical Torus Experiment (NSTX) started plasma operations in February 1999. In the first extended period of experiments, NSTX achieved high current, inner wall limited, double null, and single null plasma discharges, initial Coaxial Helicity Injection, and High Harmonic Fast Wave results. As expected, discharge reproducibility and performance were strongly affected by wall conditions. In this paper, we describe the internal geometry, and initial plasma discharge, impurity control, wall conditioning, erosion, and deposition results.
Overview of Impurity Control and Wall Conditioning in NSTX

Introduction
In February 1999, the National Spherical Torus Experiment (NSTX) achieved first plasma. In the first extended period of experiments, it promptly achieved high plasma current, in inner wall limited, double null, and single null plasma This start-up is the first step in an investigation of the physics principles of lowaspect-ratio Spherical Tori (ST) in a device designed to study non-inductive start-up, current sustainment and profile control, confinement and transport, pressure limits and self driven currents, stability and disruption resilience, and unique scrape-off layer (SOL) and Divertor characteristics. [1, 2] These ST principles will be studied in regimes with high temperature, high density, non-inductively sustained high-b T discharges ( ~ 40%) with high pressure driven current fractions ( ~ 70%) which provide possible approaches toward a small, economical, high power ST reactor core. [2] 
ST Boundary Physics Issues Expected During NSTX High Power, Long Pulse Operations
NSTX is expected to produce plasma boundary regimes and plasma surface interactions similar to tokamaks but with significant differences. [1, 2] will lower the effective incident power densities. In the outer region, however, the field line pitch of about 45° results in an short outer connection length from the midplane to the inner wall, and even shorter to the divertor plates for diverted discharges.
In NSTX, due to the low aspect ratio, the tokamak divertor figure of merit "P/R", the ratio of heating power to major radius, commonly used to compare devices of comparable cross-field transport and magnetic flux expansion, will be ~2x that of tokamaks. However, the effect of smaller major radius may be offset by effects discussed above which increase the power flux width. In HHFW heated discharges up to 6 MW for pulse lengths of 5 sec , the ratio P/R = 7.1 W/m. When 5 MW NBI heated discharges are added, the peak injected powers approach ~11 MW and P/R~13 MW/m. Simulations indicate [3, 4] were not yet installed and there was no graphite on the Outer Divertors. The initial vessel evacuation started in mid November 1998. At that time the bakeout system was not functional. In order to remove water, CO, CO 2, and hydrocarbons as rapidly as possible so as to meet the start-up schedule, about 39 hours of D 2 GDC was performed at room temperature. This was followed by 4 hours of HeGDC to remove residual D 2 .
A preliminary GDC system was used for this process. [5] This consisted of a moveable
Stainless Steel anode and a biased preionization filament for initiating GDC at the actual operating pressure and voltage (2mTorr for D 2 and 4 mTorr for He at 400V).
Starting at the actual operating pressure and voltage was done to reduce violent arcing and sputtering events, and to reduce stress on the torus vacuum pumping system which was kept in the normal high vacuum mode during GDC. Fig.3 shows a comparison of D 2 GDC wall impurity cleaning followed by HeGDC wall conditioning to remove the residual D 2 . It is seen that D 2 GDC was very effective for removing impurities from the walls. HeGDC was found much less efficient for removing impurities but was found very effective for removing residual D 2 . The First Plasma discharge was limited to about 20 kA. Subsequently, the biased preionization filament was applied to assist plasma breakdown, and over a 1.5 day period, discharges were readily obtained up to 280 kA with about 1/3 of the available OH flux.
Wall Conditioning After August 1999 for 1 MA Plasmas with Full Internal Components
After a 5 month opening to install additional hardware, NSTX was evacuated in early August 1999 with a nearly complete internal configuration (i.e., as shown in 
Plasma Operation Results
The experimental campaign achieved about 1125 discharges, during 41 plasma operation days with nearly 30 discharges per day. After the final bakeout in November 1999, improved wall conditions and advances in control technique allowed higher current discharges to I p > 0.9 MA for 70 ms (W tot =31 kJ, b t =5.6%, , t e =15 ms, n e ~ < 2.8 x 10 13 cm -3 ), and by December 14, 1999, 1 MA discharges were attained with ramp-rates of up to 7 MA/sec. [6, 7] In these discharges, Electron Cyclotron Preionization (18 GHz, 30 kW) and biased filament preionization was used routinely to assist discharge initiation. Plasma position was controlled in the feedback mode. Early in the current rise phase, at ramp rates greater than about 5MA/sec, MHD activity often occurred which exhibited coherent Mirnov oscillations of decreasing frequency indicative of possible locked tearing modes. In the flattop region, stored energy and plasma beta increased with plasma current. Late in the discharge, reconnection events were often observed as the loop voltage decreased. In general, these initial results suggest that heating during the initial I p ramp will be important for achieving longer pulse discharges. [7] CHI discharges were obtained up to 130 kA with CHI injected currents of 20 kA for ~500V bias yielding current multiplications off 6-7. In some experiments, current multiplications up to 10 were obtained. Stable high current discharges were produced for up to 130 ms for some discharges. CHI discharges were demonstrated with fast puff Divertor region D 2 pressures from 16 mTorr down to 1 mTorr. The CHI ceramic insulators in the divertor gaps performed satisfactorily through the campaign.
However, evidence of arcing and depositions in the insulator regions suggested improvements for additional insulator protection and metallic impurity reduction. [8] The RF antenna system was vacuum conditioned to 25kV. During plasma operations, good antenna plasma matching was achieved with 8 antennas and two transmitters, and a reactive shift with plasma edge location was observed. No significant parasitic loading was observed. 2 MW of HHFW power was injected into Ohmic target plasmas, and an increase in plasma energy was observed. Soft x-ray spectra showed centrally peaked electron heating during a modulation experiment using 0-p-0-p phasing to yield the slowest phase velocity; the 0-p-p-0 phasing did not exhibit heating, and this observed phase dependence is under investigation. HHFW antenna structures (e.g., BN shields) performed well at 2 MW and in the edge plasmas of high current discharges. [9] 
Wall Evolution and Surface Analysis Results
During Ohmic operations, about 40 discharges were required to achieve low reproducible D a edge light emission. In general, the application of HeGDC between discharges had no systematic impact on plasma recycling and plasma performance in the flat-top region. However, HeGDC was useful if the plasma had start-up problems.
In special cases, for example, following initial CHI experiments, 30 minutes of HeGDC was performed, and it then took ~10 single-null discharges to reduce visible light emission from D a , carbon, and oxygen back to pre-CHI levels. After this, performing 5 minutes of HeGDC between discharges made a step change (~10%) to achievable plasma current and/or flattop duration; subsequent 5 minute HeGDC between discharges exhibited no improvement in plasma performance. In other discharge sequences, the recycling/visible light baseline was reduced by only up to 10% after 3
HeGDC /plasma discharge sequences (Fig.5) . The (H a /H a +D a ) ratio, which is important to minimize in NSTX so as to avoid parasitic HHFW resonance, was about 95% before the October 1999 bakeout but reached less than 10% by the end of the campaign during gas puffed discharges. Initial visible spectroscopic measurements indicated moderate levels of low-Z impurities that tended to increase with discharge number during a given operating day. Bolometer measurements on similar discharges indicated radiative power fractions in the range 0.25-0.30. However, in other discharges, filtered Soft-Xray measurements of plasma profiles indicated that metallic impurities due to exposed copper and stainless steel were often high. [10] Four stainless steel and two silicon sample coupons (2.5cm x 2.5cm) were Center Column erosion was studied by implanting two Center Column tiles (one graphite and one CFC) with 300 keV Si to a depth of 0.34mm. Ion Beam analysis was performed before and after exposure to NSTX plasmas during the August 1999
Experimental Campaign. 2 MeV 4 He RBS measurements found the Si markers to be absent, thereby indicating net erosion exceeding >0.4mm. In addition, metallic deposition of 0.13x10 17 /cm 2 was found on the graphite tile and 0.48x10 17 /cm 2 on the CFC tile which is about 10x less metal than deposited on the outer wall coupons and passive plate tiles. [11] This difference may be due to higher erosion rates on the Center Column than on outer coupons which were more distant from the plasma edge.
There was no macroscopic damage to the graphite tiles of the Center Column, inner and outer Divertors, and the Passive Plates other than symmetric discoloration on plasma-facing, power-absorbing surfaces and a few arc spots. In general, the visible changes to these plasma facing surfaces were toroidally symmetric but In contrast to the graphite tile surface changes described above, the CFC tiles exhibited from about 2 to 8, horizontal damage tracks per tile. These tracks have the visual appearance of cracks but were actually shallow tracks about 0.1cm wide by 0.01 cm deep and varying in length from about 0.5cm to 3cm. Some tracks are uniformly deep, others appear to be a series of pits. The axes of these tracks seem parallel to the carbon fibers embedded in the CFC material. Indeed the tiles were machined so that the CFC fibers were oriented parallel to the plasma facing side.
However, due to the curvature of the tile surface, fiber ends appeared at the surface.
These exposed ends of near surface fibers may have accelerated the erosion of fibers.
In addition, micro-stresses in thin layers covering near-surface produced by machining may have caused some fibers to fracture under cyclic thermal stress. In the case of a typical track size of 0.5cm long by 0.1cm wide by 0.01cm deep, a typical track volume of ~5x10 -4 cm 3 would have released about 1 mg, or 5x10 19 atoms of carbon into the plasma edge. This CFC behavior will be monitored during forthcoming NBI operations which will result in much higher power loading on these tiles. 
